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@ Color test meter. 



© A colorimeter for converting a color output to an 
electrical signal, comprising a color chart (46) for 
comparing witli a color (52. 54) which is to be 
converted, means (110) for generating an electrical 
^Signal which corresponds to a favorable comparison 
_of the color to the color chart, and means (14) for 
§ locating the colors of the chart with respect to the 
00ni©ans for generating an electrical signal so that the 
means for generating an electrical signal is conven- 
ts tientiy located to be actuated when the color which 
CO is to be converted approximates a color on the chart, 
^the means for generating an electrical signal com- 
prising a plurality of switches (96-102), each having 
Q-two states, means (112) responsive to the states of 
the switches for providing the electrical signal which 
corresponds to a favorable comparison of the color 



to the color chart, and means for coupling the elec- 
trical switches to the means for combining the states 
of the switches. 
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COLOR TEST METER 



This invention relates to colorimeters. It is dis- 
closed in the context of an apparatus for measuring 
the concentration of a medically significant compo- 
nent of a biological fluid. However, it is believed 
that the invention would be useful in other applica- 
tions as well. 

Dry chemistries for determining concentrations 
of medically significant constitutents of, for exam- 
ple, biological fluids have been in use for years. An 
example would be the chemical strips to which 
chemistries are affixed and tapes impregnated with 
chemistries, which chemistries react with, for ex- 
ample glucose in blood or urine to provide indica- 
tions of blood glucose for use in regulating the 
administration of insulin in diabetics. The chem- 
istries on or in these chemical strips and tapes 
react with the medically significant component of 
the body fluid into contact with which they are 
brought. Reactions involving the medically signifi- 
cant component and the chemistry induce color 
changes in the chemistry itself or some other asso- 
ciated component of the strip or test tape. The 
color of the chemistry or associated component 
after some predetermined reaction time can be 
compared to standards prepared by suitable 
means to give an indication of the concentration of 
the medically significant component in the body 
fluid. 

Typically, the standards are reproduced on a 
chart mounted on the outside of a vial or other 
container for the strips or tapes. The colors on the 
charts are indicative of specific concentrations 
which are printed with the colors. Sometimes it is 
hard, owing to the nature of the charts, their de- 
sign, their mounting on the container, and other 
factors, to obtain a positive, accurate comparison of 
the strip's or tape's color to a color printed on the 
chart. 

Often, the reacted color of the strip or tape will 
lie between two colors which are not adjacent each 
other on the chart. It is hard to put the strip or tape 
close enough to both to ascertain positively that the 
reacted color does indeed lie between them. This 
makes reading the strip or tape more difficult. Of 
course, the easier it can be made to obtain an 
accurate reading of the concentration of the medi- 
cally significant component in the body fluid, the 
more reliable and valuable the particular combina- 
tion of strip or tape and chart becomes. 

Certain equipment has been designed to read 
the reacted colors from strips and convert the color 
readings into displays of corresponding concentra- 
tion of the medically significant component in the 
biological fluid. In many cases, this equipment is 
quite expensive. As a result, some users, for exam- 



pie, diabetics who need to test their blood glucose 
levels regularly, can't afford an expensive piece of 
equipment to interpret results. They continue to 
rely on visual matching of the chart and strip colors 
5 and conversion of those into glucose concentra- 
tions. 

The following listed references provide some 
background regarding the various chemistry sys- 
tems, substrates or carriers, and reaction-reading 

70 equipment known to those skilled in the art to 
which the invention pertains: U.S. Patent 4,461,829 
and references cited there; U.S. Patent 4,509,859 
and references cited there; European Patent Ap- 
plication 0100619A1 and references cited there; 

75 European Patent Specification 0110173B1 and re- 
ferences cited there; and European Patent Applica- 
tion 0207360A2 and references cited there. No 
representation is made hereby that this list is ex- 
haustive or that more pertinent prior art is not 

20 available. 

It is a primary object of the present invention to 
provide an inexpensive apparatus for timing the 
reaction interval(s), comparing the reacted color(s) 
to the color charts, and providing a reading indica- 

25 five of concentration of a medically significant com- 
ponent of a body fluid. 

The invention may best be understood by re- 
ferring to the following description and accompany- 
ing drawings which illustrate the invention. In the 

30 drawings: 

Fig. 1 illustrates a perspective view of an 
apparatus constructed according to the present in- 
vention; 

Fig. 2 illustrates an exploded perspective 
35 view of the apparatus of Fig. 1; 

Fig. 3 illustrates a bottom plan view of a 
detail of the apparatus of Figs. 1-2; 

Fig. 4 illustrates in partly block and partly 
schematic form the circuit of the apparatus of Figs, 
40 1-2; 

Fig 5 illustrates a flow chart useful in under- 
standing the operation of the apparatus of Figs. 1- 
4; 

Fig. 6 illustrates a top plan view of another 
45 apparatus constructed according to the invention; 

Fig. 7 illustrates a top plan view of another 
apparatus constructed according to the invention; 
and 

Fig. 8 illustrates in partly block and partly 
50 schematic form a circuit of the apparatus of Fig. 7. 

Turning now to Figs 1-2, a colorimeter 10 for 
matching colors on a reacted chemical bearing 
strip 12 to colors on a wheel 14 includes a case 16. 
Case 16 includes a post 13 projecting upward from 
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a surface 20 thereof for rotatably mounting wheel 
14. A cover and retainer 22 and case 16 include 
projections 24 which engage in slots provided on 
case 16 and retainer 22 to fix retainer 22 to case 
16 and thereby retain wheel 14 rotatably on post 
18. Case 16 includes an upper case portion 32 and 
a lower case portion 34 which are joined in a snap 
fit by similar projections 36. Case portions 32, 34 
define an Interior 38 which houses the circuitry of 
Fig. 4, as will be explained. 

Post 18 is provided with a radial spring detent 
40- The radially inner circumference 42 of wheel 1 4 
is provided with multiple, angularly spaced notches 
44 for engagement by detent 40 to position wheel 
14 in certain orientations. A circular, adhesive- 
backed color chart 46 includes two circumferen- 
tialiy extending adjacent rows 48, 50 of colors 
which correspond to the colors evolved by certain 
concentrations of glucose in a dropiet of blood 
exposed for a predetermined reaction period to the 
juxtaposed chemistries 52, 54 on the end of strip 
12. An illustrative strip 12 is the CHEMSTRIP bG® 
visual test strip available from Boehringer Mann- 
heim Diagnostics Division, 9115 Hague Road, In- 
dianapolis, Indiana, U.S.A., 46250. Wheel 14 also is 
provided on its upwardly facing surface 58 with a 
locator boss, or index, 60 which aids to position 
color chart 46 correctly as will be discussed. 

The upwardly facing surface 62 of post 18 is 
provided with openings through which a liquid cry- 
stal display (LCD) 64 is visible, and an on/off button 
66 and a start button 68 are accessible. LCD 64 
and operating buttons 66. 68 are part of the elec- 
trical circuit of Fig. 4, and will be further described 
in connection with that Figure. 

Referring to Fig. 3. the underside 70 of wheel 
14 includes four circumferentially extending tracks 
72, 74, 76, 78 containing boss regions 80, 82, 84, 
86, respectively. Four switches 88, 90, 92, 94 are 
mounted in case 16 and include respective ac- 
tuators 96, 98, 100. 102 which extend through 
respective openings in case 16 into proximity to 
tracks 72, 74, 76, 78, respectively. The actuators 
96, 98, 100, 102 project into sufficiently closely 
spaced orientation with respect to tracks 72, 74, 76, 
78, respectively, that the boss regions 80, 82, 84, 
86 cause switches 88, 90, 92, 94, respectively, to 
change state when the actuators 96, 98, 100, 102 
encounter their respective boss regions 80, 82, 84, 
86 as wheel 14 is rotated. 

Referring now to Fig, 4, an electric circuit 110 
combines the states of switches 88, 90. 92, 94 into 
a reading of the blood glucose concentration in, for 
example, the conventional units of milligrams of 
glucose per deciliter of blood (mg/dl). Circuit 110 
includes a microprocessor (up) 112 for combining 
the switch 88, 90, 92, 94 orientations into the mg/dl 
reading, which is then displayed on LCD 64 to 



which up 112 is coupled, LCD 64 illustratively is a 
type LD-B 9263A LCD available from Seiko-Epson. 
Up 112 and its associated components are power- 
ed by a 1.55 volt watch battery 114. The + termi- 

5 nal of battery 114 forms the Vno terminal of circuit 
110 and the - terminal of battery 114 forms the 
Vssi terminal of circuit 110. up 112 illustratively is 
an Omron Tateisi Electronics Co. type MSN 5057 
integrated circuit. The terminal names and num- 

10 bers illustrated in Fig. 4 and discussed in connec- 
tion with Fig. 4 are those pertinent to this in- 
tegrated circuit. It is understood that no limitation is 
intended by this description, since other discrete or 
integrated circuits may be used for the purposes to 

15 which this circuit is put. 

Button 66 controls a pushbutton on/off switch 
116 coupled between terminals Vdd and 84 of up 
112. Button 68 controls a pushbutton start switch 
118 coupled in series with a .01 uF, 25V capacitor 

20 120 between terminals Vqd and AC of up 112. A 
.01 uF, 25 V capacitor 122 is coupled in parallel 
with switch 118, and a 100 K resistor 124 is coup- 
led between the common terminal of capacitors 
120. 122 and the Vssi terminal. Switches 88, 90, 

25 92, 94 are coupled between terminals Vdd and K1, 
K2, K3, K4, respectively of up 112. A 32.768 KHz 
crystal 128 is coupled across terminals XT and XT 
of up 112. A 22 pF, 50 V capacitor 130 is coupled 
across terminals XT and Vdd. A .1 uF. 25 V capaci- 

30 tor 131 is coupled between terminals Vcp and Vcm 
of up 112. A .1 uF. 25 V capacitor 132 is coupled 
across terminals Vdd and Vss2 of up 112. The base 
of a transistor 134, which illustratively is a type 
2SD601A-R. is coupled through a 10K resistor to 

35 terminal BD of up 112. The collector of transistor 
134 is coupled through a parallel circuit including a 
50 mH inductor 138 and a buzzer 140 to Vdd. 
Illustratively, buzzer 140 is a type KBS-15DB-4A-10 
buzzer, available from Kyoto Ceramic. The emitter 

40 of transistor 134 is coupled to Vgsi- A scaling 
switch 142. which is only accessible from within 
case 16, is coupled between terminals Vdd and S2 
of up 112. 

In operation, the user actuates colorimeter 10 
45 by pushing on/off button 66, closing switch 116. 
888 appears on LCD 64 for two seconds. The user 
next selects a strip 12, obtains a blood sample and 
deposits a droplet of blood on the chemistries 52, 
54 on the end of the strip. Simultaneously the user 
50 pushes start button 68 starting the timing function 
of up 112. LCD 64 begins counting toward 180 
seconds (90 seconds if scaling switch 142 Is 
closed). At the display of 57, 58 and 59 seconds on 
LCD 64, buzzer 140 buzzes once, twice and three 
55 times, respectively. At 60 seconds, buzzer 140 
buzzes once, somewhat longer. This signals the 
user to wipe the blood droplet from chemistries 52, 
54. 
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When LCD 64 displays 120 seconds, a buzz of 
the same duration as at 60 seconds signals the 
user to take readings of the colors of the chem- 
istries 52, 54. The strip 12 is Inserted into the 
holder 152 provided therefor on case 16 until 
chemistries 52, 54 are visible through a window 
154 through which adjacent colored sections 156, 
158 and 160, 162 of chart 46 are also visible on 
both sides of strip 12. The user then turns wheel 
14 between the stops provided by detent 40 and 
notches 44 until the colors of chemistries 52, 54 
either match those of a colored section 156, 158 
which appears on both sides of strip 12 or lie 
between the colors of two adjacent colored sec- 
tions 156, 158 and 160, 162. There are a sufficient 
number of notches 40 and colored sections 156, 
158, 160. 162 are long enough to permit either of 
these situations. 

At this time, the user depresses the start but- 
ton 68, causing up 112 to read the states of 
switches 88, 90, 92, 94 which encode the cor- 
responding mg/dl glucose, owing to the configura- 
tions of boss regions 80, 82. 84. 86. This result is 
displayed on LCD 64, If the blood glucose level is 
240 mg/dl or above, the user may not be able to 
get a reading at 120 seconds. However, timing 
continues until LCD 64 displays 180 seconds, at 
which time buz2er 140 sounds again. This signals 
the user to try to take a reading again. This reading 
is performed in the same manner as just de- 
scribed. Again, the result of the reading is dis- 
played. 

The last ten readings are maintained in the 
memory of up 112 and can be called up serially by 
pressing the on/off button 66 to turn colorimeter 10 
on, and then pressing it again. The first stored 
value will be displayed on LCD 64. Additional 
stored values can be called up sequentially from 
memory by pushing the start button 68 one or 
more times. 

In certain cases, the user may use "faster" 
chemistries, that is, ones whose reaction rates with 
blood glucose are more rapid. In the case of a set 
of chemistries whose reaction rates are approxi- 
mately twice those of chemistries 52, 54, the user 
can open case 16 by separating case portions 32, 
34 and close scaling switch 142. This speeds up 
the timing so that the "alert" buzzes which oc- 
curred at 57. 58 and 59 seconds in the above 
description now occur at 27. 28 and 29 seconds, 
the "wipe off blood droplet" buzz which occurred 
at sixty seconds now occurs at thirty seconds, the 
"take reading" buzz which occurred at 120 sec- 
onds now occurs at 60 seconds, and the "take 
reading" buzz which occurred at 180 seconds now 
occurs at 90 seconds. 

It is also possible to read into the colorimeter 
10's memory a blood glucose value corresponding 



to the color of a previously reacted strip. This is 
done by inserting the reacted strip as described 
above, pressing on/off button 66, start button 68, 
and then within ten seconds pressing start button 

5 68 again. LCD 64 will display ™. Wheel 14 can 
then be dialed to the appropriate color or colors. 
Pressing start button 68 again will cause the blood 
glucose level corresponding to the dialed color or 
colors to be displayed on LCD 64. 

10 The up 112 also has a low battery warning. 
When battery 114 is capable of making fifty or 
fewer readings, LCD 64 displays PPP instead of 
888 when on/off button 66 is first depressed, up 
112 also automatically turns colorimeter 10 off 

15 three minutes after a result is displayed and after 
five minutes if neither button 66 nor button 68 is 
pushed. 

Because the test chemistries 52, 54 can, and 
typically do, vary somewhat from batch to batch, it 

20 is necessary to be able to recalibrate colorimeter 
10 for each new batch of strips 12 used. This can 
be done by including with each package of strips 
12 a color chart 46 with appropriate colors appro- 
priately spaced from a notch 166. Notch 166 is 

25 sized to receive boss 60 to position color chart 46 
correctly on wheel 14 for correct reading of the 
positions of bosses 80, 82, 84, 86 by actuators 96, 
98, 100, 102. 

Alternatively, the recalibration can be achieved 

30 by having a fixed color chart and entering a strip 
12 batch-specific code. This is analogous to exist- 
ing "standard curve" or "master curve" technology, 
such as is used in the TRACER blood glucose 
monitor available from Boehringer Mannheim Cor- 

35 poration. By entering the code using one or more 
keys, a batch-specific interpretation of the color 
blocks on a fixed color chart can be established. 
Other coding methods would involve providing 
some type of optical, magnetic or electronic code 

40 carrier, such as a ROM chip, with each vial of test 
strips and reading this code information into the 
colorimeter. 

In another embodiment of the invention illus- 
trated in Fig. 6, a colorimeter 200 includes a case 

45 206 having a generally rectangular surface 208 to 
which an adhesive-backed, generally rectangular 
color chart 236 is affixed. Color chart 236 includes 
adjacent rows 238, 240 of color strips for matching 
to the reacted chemistries 242, 244 of a strip 246. 

50 A button 248 is located next to each pair of color 
strips and is actuable by the user to indicate when 
a color match is found. Adjacent strips are close 
enough together that the user has little difficulty 
deciding which colors are closer to the colors of 

55 the chemistries 242, 244 on the reacted strip 246 
and depressing the appropriate button 248 closest 
to those. A LCD display 252 displays the mg/dl 
glucose with which that button 248 is associated. 
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In another embodiment of the invention illus- 
trated in Figs. 7-8, two wheels 260, 262 are pro- 
vided. Each wheel 260, 262 is provided with a 
respective color chart 264. 266. Each wheel 260. 
262 is mounted on a respective shaft 276. 278 
which controls the position of a wiper 280, 282 of a 
respective potentiometer 284. 286. Analog/digital 
converters 290, 294 transform the analog resis- 
tance values into concentration values according to 
a fixed correlation residing in the software of the 
colorimeter 200*s microprocessor 296. Thus, two 
concentration results are obtained from matching 
the two chemistries that have different sensitivities 
to the analyte. After a plausibility check, a weighted 
average of the two results is displayed as the final 
test result on a digital display 292. The weight 
factors are pre-programmed in the software of the 
colorimeter 200 according to the sensitivity of the 
respective chemistry in the range chosen by the 
positions of the wheels when matching the colors. 

In another, simpler embodiment of the inven- 
tion, one wheel with a single color chart is pro- 
vided. In this case, there is only one potentiometer 
as described above. The analog output, an electric 
current, can be measured directly with an am- 
meter, the scale of which is calibrated to read 
concentration units of the analyte, for example, 
mg/dl glucose. The ammeter output thus is an 
analog output instead of a digital output. 



Claims 

1 . A colorimeter for converting a color output to 
an electrical signal comprising a color chart for 
comparing to a color which is to be converted, 
means for generating an electrical signal which 
corresponds to a favorable comparison of the color 
to the color chart, and means for locating the 
colors of the chart with respect to the means for 
generating an electrical signal so that the means 
for generating an electrical signal is conveniently 
located to be actuated when the color which is to 
be converted approximates a color on the chart, 
the means for generating an electrical signal com- 
prising a plurality of switches, each having two 
states, means responsive to the states of the 
switches for providing the electrical signal which 
corresponds to a favorable comparison of the color 
to the color chart, and means for coupling the 
electrical switches to the means for combining the 
states of the switches. 

2. A colorimeter comprising a case, a display 
means mounted on said case, means for mounting 
a color chart on said case to permit holding of a 
specimen to be compared in close proximity to the 
means for mounting the color chart, means for 
indicating which color on the color chart the color 



of the specimen most closely approximates, and 
means for coupling the indicating means to the 
display means to drive the display means to dis- 
play an indication of the color on the color chart 

5 which most closely approximates the color of the 
specimen, the means for indicating which color on 
the color chart the color of the specimen most 
closely approximates comprising a plurality of 
switches, each having two states, each switch !o- 

10 cated adjacent a color on the color chart, and the 
means for coupling the indicating means to the 
display means comprises means for using the 
states of the switches to drive the display means to 
display a reading corresponding to the color on the 

75 color chart which most closely approximates the 
color of the specimen. 

3. A meter for measuring the color to which a 
chemical test piece has turned after being con- 
tacted with a test specimen, the meter comprising 

20 a case including means for locating and holding the 
test piece, a color chart, means for mounting the 
color chart relative to the case, the chart containing 
colors which the chemical test piece may assume 
after being contacted with the test specimen. 

25 means for generating an electrical signal when the 
color to which the test piece has turned corre- 
sponds generally to a color on the chart, a display, 
and means for coupling the means for generating 
an electrical signal to the display to provide a 

30 meter readout related to the color to which the test 
piece has turned, the means for generating the 
electrical signal when the color to which the test 
piece has turned corresponds generally to a color 
on the chart comprising a plurality of switches, 

35 means for mounting the switches in the case adja- 
cent the color chart, selection of a color from the 
color chart which corresponds generally to the col- 
or of the test piece and actuation of a switch 
adjacent that color causing the display to provide a 

40 meter readout related to the color to which the test 
piece has turned. 



45 



50 



55 



5 



EP 0 339 850 A2 




EP 0 339 850 A2 




64. 



vdd 



130 128 



131 



IIT 



-o o- 



-o o- 



-o o 



LCD 



XT 



XT 



V^o MICROPROCESSOR 

BD 



S2 ^ 



112 



AC 

JLr-120 



110 



142 66 



lie 




EP 0 339 850 A2 



LOW BATTERY 



t n ii f 

rr I 



250min 

AND 
ABOVE 



nnn 
uuu 



_ 2 sec, 
LESS THAN 250min 
AFTER THE 1st PPP. 



OMODE 
2 sec. 



FAST 



5min 







n 


UUs 


OR 


Us 



NORMAL 

OMODE 



PASSED 



OMODE 



O START 



NO MEMORY 



<M EMORY RECALL) 



M I 



4se c.| I is ec 
NEWEST""^ 



'C/n* 

lUU 



O 
START 



r 

M J 



OLDEST 



4sec,( ^Isec. 



c lu 



OMODE 
or 

5min. AFTER 
THE LAST 
BUTTON 



(MAX. 10 VALUES) 



O START 



in 




BEEP^ 



O. START 
BEEP'»'3 
TIMER 
CONT. 



5min. PASSED 



O START 

RESULT 
20-800 



iQ n 



O 

START 



X 



OMODE 
OR 

3min. AFTER 
THE LAST BUTTON 



EP 0 339 850 A2 



I 



i I I 
O Us 



T 
I 
I 

NORMAL^ _j 

BEEP^ 

O START 



I 



lii 

z 

o 
o 

or 

LU 



FAST 



on 



OR 



NORMAL 






O MODE , 




BEEP^3 



ion 

/<-! U S 



5 mi n. PASSED 



REREAD 



O START 
<> 



NO WHEEL) 
BEEP ^3 




RESULT 



/ VALUE IS 
(AUTOMATICALLY 
V STORED 



Tl MER= 180/903 



OMODE 
OR 

3min AFTER 
THE LAST BUTTON 



( VALUE IS > 
VNOT STORED i 



OFF 



EP 0 339 850 A2 




200 




236 



FI(S.(B 



